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ABSTRACT 
 
Amy U. Nguyen: A Comparison of Technique Errors between Film and 
Photostimulable-Phosphor (PSP) Receptors. 
(Under the direction of Sally Mauriello, Charlotte Peterson, and Enrique Platin) 
 
 
This study evaluated the technique errors of full mouth series exposed with two intraoral 
radiography receptor systems; traditional film-based and PSP-based (photostimulable 
phosphor) receptors.  Full mouth series (n=405) were randomly selected: three series per 
each student for film-based (n=81) and PSP-based (n=102).  All images (1514 film and 1754 
PSP images) were evaluated in four categories for technique errors: 1) horizontal, 2) vertical, 
3) cone centering, 4) packet placement.  Each image was graded based on the presence and 
degree of the error (no error, diagnostically acceptable error and diagnostically 
unacceptable).  All images were evaluated using the same viewing conditions: viewbox for 
film images and a 17” computer monitor for digital images at (1024 x 768 resolution) with no 
feature enhancements.  More technique errors occurred with the use of the PSP receptors 
when compared to film (p<0.05).  Further research should explore use of the PSP receptor 
with another film holding device.  
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CHAPTER I 
 
INTRODUCTION 
 
 
 Today’s technology has created an enormous change in dental radiography with the 
transition from film to digital-based imaging.  The transition to digital radiology has 
prompted oral health professionals to investigate the diagnostic efficacy, physical 
characteristics, economics, and practicality of this new technology with multiple factors 
promoting its growth.1   However, dental professionals have made changes in their practice by 
using digital images to promote patient welfare (low dose of radiation and high rate of patient 
compliance), lower costs, facilitate diagnosis and reduce clinical chair time.  Another 
important factor to consider is radiation safety.  The ALARA (As Low As Reasonably 
Achievable) principle has been established to minimize radiation doses to the patient.  
Richards et al. reported radiation dose reduction gains in digital imaging compared with 
intraoral film alternatives.2    
Although digital receptors have been used in medical radiology for several years, 
digital radiography was not introduced into dentistry until the 1970’s as an extra-oral 
procedure.1  A decade later, intra-oral digital radiography was introduced into dental practice 
as an alternative to film-based imaging.3  Digital imaging has been purported to reduce 
radiation exposure to the patient without compromising image quality.2  The rapid advances 
in computer technology have had a significant impact on dental radiography.  In 1987 the 
first direct digital system became commercially available as an alternative to conventional 
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radiography.  Since then, several intra-oral digital systems have been introduced into the 
market.5  There are two types of device used for direct digital image acquisition: the charged-
coupled device (CCD) and complementary metal oxide semiconductor (CMOS) systems  The 
third is indirect since it needs to be scanned after exposure and it know as photostimulable 
storage phosphor (PSP) technology.  In the CCD and CMOS systems, chip are used as 
sensors to detect the radiation.  A cable connects the sensor to the computer, and the image is 
displayed almost immediately on the monitor after exposure.  With the PSP system, a flexible 
phosphor plate is exposed, and the latent image is stored.  The information contained in the 
plate is released by scanning the plate with a laser as shown in Figure 1.5  With the advent of 
digital radiography in dentistry, Borg et al. has cautioned that new technologies should be 
carefully evaluated before being implemented in clinical practice.4  A table of characteristics 
for each type of system is described in Table 1. 
A review of the literature revealed multiple articles that have been published 
addressing different issues related to intra-oral digital radiography.  The issues addressed 
include: enhancement features, image quality, diagnostic potential, properties and sensor 
system selection, digital system overview, clinical techniques to reduce sensor plate damage 
(PSP).1,3-4,6-8,9-11,20-22,23-26  Only one study investigating clinical technique error performance 
was found.6 
Few studies have investigated the characteristics of the PSP digital sensor compared 
to intra-oral film.  According to Borg et al., the PSP receptors have an acceptable level of 
image quality over a wide exposure range.4  From this laboratory study, Borg concluded that 
radiographs with the storage phosphor system achieved image quality scores similar to those 
of film but over a larger exposure range, while CCD images were only detected with the 
storage phosphor system.12  Multiple articles focused on the comparison of the CCD system 
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with the film-based system with regard to diagnosis, caries detection, image quality and 
image enhancement.4,5,8-10,12,15,18,19,21,2   According to Syriopoulos, the diagnostic accuracy of 
digital systems is comparable with that of dental films.1  The ability of dentists to recognize 
dental decay correctly is the main factor contributing to variation in radiographic diagnosis 
and not the imaging modality.1  Multiple studies concluded that digital intra-oral radiography 
seems to be as accurate as current dental films for the detection of caries, in general.1,9,10  
Moreover, digital imaging is a matter of perspective and cost benefit.  Research indicates 
most digital imaging modalities do not significantly differ in their diagnostic efficiency from 
that of conventional Kodak Ektaspeed-Plus film.9,10   The Wenzel review article indicated 
that radiographs needed to be slightly darker with good contrast to provide an optimal basis 
for caries diagnosis.10  Therefore, radiographs that are too light may result in poorer caries 
diagnosis.10  Wenzel also stated that a contrast-enhanced digitized film and CCD-based 
images tended to perform better than non-enhanced images with the same systems.10 
Only one published article by Sommers et al. has evaluated technical errors observed 
between film and digital-based systems.6  The study concluded that the CCD-based system 
resulted in a greater number of technique errors when compared to a film system.6  The 
CCD-based system resulted in more vertical angulation and cone centering errors.6  The 
authors hypothesized that the thickness and rigidity of the CCD sensor created difficulty in 
placement compared with the film-based system.6  A limitation of Sommers’ study was the 
exclusion of the PSP digital imaging system.  In addition, the study findings were limited to 
use in a preclinical setting on manikins.  To date, no study had been reported in the literature 
that has evaluated technique errors when using the PSP receptor compared to traditional film 
in a regular clinical setting.  Therefore, the purpose of this study was to evaluate the number 
of technique errors between PSP and film-based receptors. 
  
 
 
CHAPTER II 
METHODS 
 
Population Selection 
A master list of all full mouth series (FMX) entered as procedure code D0210 was 
generated by the UNC School of Dentistry Office of Computer Information Services (OCIS).  
This master list was limited to FMXs exposed by dental hygiene students and resulted in a 
total of 405 FMXs.  FMXs were identified from August 1, 2001 to December 30, 2001 for 
film-based images and from August 1, 2003 to December 30, 2003 for PSP-based images.  
One hundred seventy-six (176) FMXs exposed using film-based and two hundred twenty-
nine (229) full mouth series exposed using PSP-based receptors were chosen for the study.  
Each FMX was identified by the date of exposure and by student identification number. 
 
Sample Selection 
All FMXs selected for the study were exposed by sixty-three (63) senior dental 
hygiene students in their third semester of dental hygiene program.  Twenty-seven (27) 
students graduated in 2002 and thirty-six (36) students graduated in 2004.  Two students out 
of sixty-three (63) students who exposed their FMXs using PSP receptors were excluded 
from the study because their FMXs did not meet the minimum requirements for inclusion.   
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  From the master list generated, three FMXs per student were selected in 
chronological order 1-3.  If the first three series did not successfully meet the criteria for 
inclusion, then the reviewer went to the next FMX until there were three FMXs per student 
for evaluation.  Out of four hundred five (405) FMXs from the master list, the reviewer 
selected a total of one hundred two (102) FMXs using the PSP-based system (n=1754 
images) and eighty-one (81) FMXs using the film-based system (n=1514 images). Figure 2 
displays the design of the study. 
 
Sample Evaluation Procedure 
 Each image was evaluated by type of error according to the UNC School of Dentistry 
student performance criteria which included horizontal angulation, vertical angulation, cone 
centering, and packet placement errors. The specific criteria are included in Appendix V. 
Each image was graded on the degree of each error coded by Arabic numeral: absence=0, 
presence=1 and retake=2.  Images graded “0” showed no error present and images graded 
“1” had some error but within the diagnostically acceptable range.  Furthermore, images 
graded “2” required a retake and were considered diagnostically unacceptable images. 
All original film-based images were evaluated and viewed on a masked viewbox in 
the same environmental setting using low ambient lighting.  Film-based images were 
removed from the radiographic mount in order to evaluate each image individually.  All 
original digital-based images were evaluated and viewed in a controlled environment on a 
17-inch computer monitor set at 1024 x 768 resolutions.  No enhancement features were used 
to modify digital images.   
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The environment for film and digital image viewing was completely quiet and 
comfortable.  Five FMXs were evaluated in one session with a five-minute break between 
sessions to prevent reviewer fatigue.  All radiographic image evaluations were completed 
over a period of two months, one hour per day.  The images were evaluated by alternating 
five FMXs per radiographic system.  For the film-based system, ten patient clinical charts 
were checked out from the chart room each time over period of two months.  Digital-based 
images were accessed through University of North Carolina School of Dentistry electronic 
patient record by patient record identification number taken from the master list.  
A single reviewer evaluated all images and was calibrated with an experienced 
evaluator to ensure reviewer reliability.  One-on-one calibration was conducted at the 
University of North Carolina Dental Hygiene conference room.  The reviewer was calibrated 
on how to identify the four types of errors and recognize the retake images.  The inter-rater 
reliability was successfully obtained at 92% agreement with the gold standard and was 
assessed by randomly selecting five FMXs for each system. The calibrator and examiner 
evaluated ten FMXs individually and compared the results at the end of the session. 
  After the reviewer evaluated all the FMXs in the study, intra-rater reliability was 
assessed.  The calibrator randomly selected ten FMXs (five film-based and five digital-
based) for the reviewer to re-evaluate.  The purpose of the intra-rater reliability was to check 
the agreement between the first evaluation and the second evaluation to determine if there 
was change in the application of criteria.  For data collection, digital re-read was coded as 
“DR” and film re-read as “FR.” Specific calls are shown in Appendix III. 
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Sample Results Data Entry 
The critique of each image was entered directly into the Microsoft Excel 2000 
spreadsheet.  The sequence of evaluation followed the same format as the University of 
North Carolina School of Dentistry Radiology Clinic student evaluation form.  The form 
includes individual image located in the oral cavity starting from maxillary right molar to 
mandibular right molar counter clockwise.  An example of the evaluation form is shown in 
Appendix IV. 
 
Statistical Analysis 
The data were analyzed using the non-linear mixed model (PROC GLIMMIX in SAS 
release 9.1), which allows for multi-level random effects.  The estimated odds ratio for the 
probability of any error and diagnostically unacceptable errors for digital images relative to 
film were evaluated.  
The intra-rater reliability was measured by using the kappa statistic as a standard 
measure that quantifies the amount of agreement beyond what would be expected by chance.  
For these ten FMXs there were a total of 170 images, each image being examined for four 
different types of error, yielding approximately 850 comparisons between the initial and the 
second ratings.   
  
 
 
CHAPTER III 
RESULTS 
 
Sixty-three second year dental hygiene students were selected for inclusion in the 
study representing 27 students from the class of 2002 and 34 from the class of 2004.  Three 
FMX per student were included in the data analysis.  The FMXs taken on the PSP system by 
two individual students from the class of 2004 did not meet the study inclusion criteria; 
therefore, these were excluded from the data analysis.  The final number of FMXs included 
in the data analyses was 183 FMXs (PSP=102, film=81).  The individual number of images 
used in the analyses was PSP=1754 and film=1514 film. 
The results of the intra-rater pairing showed that 831 (98%) were identical, and the 
observed kappa statistic was very high, at 0.96, indicating strong intra-rater agreement 
beyond what is expected by chance.  The results are shown in Table 2. 
 Table 3 and Figure 3 present the percent of periapical images that had any error 
present versus no errors as occurred on the PSP and films-based systems.  The findings 
demonstrated that 51% of the PSP system images had at least one type of clinical technique 
error.  This was 10% higher than the number of errors seen with the film based images 
(p<0.0001). 
 The percent of periapical images with clinical diagnostically acceptable errors were 
compared to the diagnostically unacceptable errors.  The results are illustrated in Table 4 and 
Figure 4.  The periapical projections exposed with the PSP system had almost twice as many 
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diagnostically unacceptable images due to a technique error when compared to the film 
system.     
  Table 5 presents the percent of periapical images with unacceptable errors compared 
by the four types: horizontal, vertical, cone centering and packet placement.  Film had almost 
twice as many horizontal errors and slightly more vertical errors than the PSP digital system.  
Conversely, the PSP system had almost three times as many cone centering errors and 
slightly more packet placement errors.  
 Figure 5 presents the greatest number of diagnostically unacceptable technique errors 
occurring as a result of inappropriate packet placement with more errors resulting with the 
use of the PSP system.  Cone centering was next following the same trend.  Diagnostically 
unacceptable errors resulting from vertical and horizontal angulation errors were 
approximately the same with both systems, film and digital. 
 Table 6 shows the number of diagnostically unacceptable errors of all periapical 
images by arch.   All periapical images with diagnostically unacceptable errors were 
analyzed by maxillary and mandibular arches.  The maxillary arch had 10% more errors 
occur with the film system.  However, the percentage of errors was greater by 10% for the 
mandibular arch when images were exposed using PSP receptors compared to film.  
Table 7 illustrates percentage errors of periapical images with diagnostically 
unacceptable errors by location in the oral cavity, anterior versus posterior.  The percent of 
errors was higher for the posterior location when images were exposed using PSP receptors 
compared to film (65% vs. 22%).  The opposite finding occurred when anterior images were 
evaluated for technical errors.  Film images showed 78% had technique errors compared to 
35% that occurred with the digital image taken using the PSP system. 
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Table 8 presents percent of errors of bitewing images with diagnostically 
unacceptable errors in four types: horizontal, vertical, cone centering and packet placement.  
The findings demonstrated that all bitewing projections with cone centering errors occurred 
in more than a third as many digital projections having diagnostically unacceptable errors 
compared to bitewing projections exposed using film.  Also, packet placement of 
diagnostically unacceptable errors resulted in higher percent of errors in PSP compared to 
film.  When comparing all bitewing projections with horizontal and vertical angulation 
errors, projections exposed with film appeared to have twice as many projections with 
diagnostically unacceptable errors compared to all bitewing projections exposed using PSP. 
Figure 6 illustrates all diagnostically unacceptable errors identified in the bitewing 
images, cone centering errors were seen more often with the digital images compared to the 
film images.  The horizontal, vertical angulation and packet placement were shown to have 
similar errors in both systems with the latter being the only one to show slightly more errors 
when using film. 
Table 9 presents the percent of errors by location and severity for bitewing images.  
The percent of errors were slightly higher for premolar projections exposed using PSP 
receptors compared to film.  Molar bitewing projections with PSP resulted in more than 
twice as many diagnostically unacceptable errors compared to molar bitewing projections 
exposed using film.  The technique error seen with premolar bitewing errors were similar for 
both imaging systems. 
In Table 10 demonstrated odds ratios for the likelihood of an error occurring when 
comparing periapical images between anterior and posterior projections with Table 11 
presenting the occurrence of a diagnostically unacceptable error.  In Table 10, the estimated 
 11   
odds ratio for the probability of any error for PSP images relative to film is 1.504 (95% 
confidence interval 1.377, 1.642; p<0.005).  Table 11 shows the estimated odds ratio for the 
probability of a diagnostically unacceptable error for PSP images relative to film images is 
2.5 (95% confidence interval 1.928, 3.273; p<0.005).  Thus, there was two and a half greater 
odds of having a diagnostically unacceptable error occur using the digital PSP receptor 
compared to film. 
  
 
 
 
 
 
CHAPTER IV 
 
DISCUSSION 
 
 
 Beginning in the late 1980s, the Charged Coupled Device (CCD) was the first 
dental digital radiography system available in dentistry; Complementary-Metal-Oxyde-
Semiconductor (CMOS) and Photostimulable Phosphor (PSP) followed soon after.4  The 
application of these new technologies raised many questions among private dental 
practitioners and radiology educators about how to choose the best system for their practice.   
Few studies have evaluated common technique errors that occur with the use of traditional 
intraoral film-based systems, but only one study investigated technique errors in both CCD 
and film-based systems.6,27,28,33,34  Therefore, this study compared technique errors between 
film-based and PSP-based systems exposed by second year dental hygiene students. 
 The findings of this study revealed that there were more diagnostically 
unacceptable technical errors seen with a PSP system compared with the film-based system.   
When images were evaluated by technique error type, the film-based system demonstrated 
that more errors occurred with incorrect horizontal and vertical angulation; the same trend 
was seen with bitewing images.  On the other hand, the PSP-system resulted in more cone 
centering and packet placement errors when compared to film-based images.  When data 
were evaluated by location and arch in the oral cavity, the PSP-based images resulted in more 
common errors on the mandibular and posterior arch than film-based images.  In addition, 
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PSP-based bitewing images demonstrated a higher percentage of errors occurred with 
premolar and molar projections than with film.   
 The results of this study generated four main components for discussion.  First, the 
higher percent of errors that were seen with the PSP system compared to the film system.  
This same pattern was seen with traditional film compared to the digital CCD system.  
Sommers et al. reported that the CCD system had significantly higher errors than film due to 
the bulkiness and difficulty in sensor placement.6   These results suggest the same 
phenomenon with the PSP receptor, but for different reasons.  The PSP receptor is thinner 
and more flexible than the traditional film receptor, so the receptor can be easily bent or 
dislodged from the XCP receptor holding device.  When the degree of technique errors was 
analyzed by types, results showed a greater percent (10%) of diagnostically unacceptable 
errors with the PSP system when compared to film.  Similarly, Sommers et al. found that 
more images required retakes with CCD than with film.6  PSP images showed frequent 
diagnostically unacceptable errors, which suggests that more retakes were needed with the 
PSP system than with film. 
 Secondly, when all images were analyzed by error types, packet placement and cone 
centering errors occurred more frequently with the PSP system, although film had more 
horizontal angulation errors (23% vs. 13%) and vertical angulation (18% vs. 13%) errors 
compared to PSP.  A previous study reported 66% of the errors were due to incorrect 
horizontal angulation when using the traditional film compared to CCD sensors.6  The 
present findings of a greater number of cone centering and packet placement errors in 
bitewing images with the PSP receptor compared to traditional film (18% vs. 3%) and (52% 
vs. 44%) were supported by Bahrami et al., who reported more distal surface of canine 
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missing with PSP than film (12-32%).28  With packet placement, the excess prefabricated 
barrier envelope may result in inaccurate student estimates of the actual receptor size.  In 
addition, the thinness of the PSP receptors can cause movement of the receptor and slippage 
from the XCP film holding device during radiographic exposures.   
 Thirdly, with regard to the posterior location in the oral cavity, the PSP-based system 
images show more than fifty percent greater technique errors than film-based.  Although, on 
the anterior location of the oral cavity, there was a greater percent of technique errors seen in 
film compared to PSP.  Based on these findings, we can suspect that the flexibility and 
softness of the PSP receptor allow the receptor to bend, curve or dislocate.  Sommers et al. 
reported that the CCD system had greater numbers of posterior errors than anterior ones due 
to the thickness of the sensor.6  This is the opposite:  PSP receptors are thin and easy to 
manipulate in the patient oral cavity. 
 Fourth, bitewing images have a greater percent of errors seen in both molar and 
premolar projections with the PSP system than with traditional film.  These results of these 
findings can be compared to Bahrami et al. who examined bitewing images exposed with 
four different radiographic systems.28  They reported that when using the PSP receptor the 
distal surfaces of the second molar and the distal of the canine were missed.  They speculated 
that the cause for this is the sharp edges of the plastic envelopes interfering with packet 
placement.  
 Based on the results of this study, the authors hypothesized that the technique errors 
most likely occurred for two reasons.  One, the PSP receptor packet has increased flexibility 
due to the thinness of the receptor which allows it to be easily distorted during packet 
placement and dislodged from the XCP film holding device.  One alternative would be to use 
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a film holding device that provides more support.  For example, the PSP receptor used in 
combination with the Precision® Instrument film-holding device (Isaac Masel Company, 
Philadelphia, PA) may provide the stability needed for easily flexed receptor.  On the other 
hand, the thickness of the traditional film packet makes a big difference in image 
stabilization.  Two, the excess prefabricated plastic envelope may need to be redesigned in 
order to eliminate packet placement or cone centering errors.  The envelope may need to be 
in a different color to help the clinician to see the actual PSP receptor more easily or trimmed 
to more accurately reflect the edge of the receptor. 
 There are limitations of the study that should be considered when interpreting the 
results.  With the retrospective study design some projections were not able to be evaluated 
because they were not the original images.  Second, the images were exposed by senior 
dental hygiene students from two different graduating classes.  An assumption was made that 
the two classes were equal in radiographic technique skills since they were educated in the 
same manner and had fulfilled the same competency requirement for clinical radiographic 
technique.  In addition, the results may have been influenced by the relative inexperience of 
the students.  Future research should be conducted to investigate the types of technique errors 
seen when more experienced clinicians use the PSP system.  Thus, the results of this study 
can be generalized to senior dental hygiene students only.
  
 
 
CHAPTER V 
CONCLUSION 
  
 This study compared technique errors using a PSP-based radiology system and a 
traditional film-based radiology.   For all the periapical and bitewing images, the PSP-
based system resulted in a greater amount of diagnostically unacceptable errors in packet 
placement and cone centering while horizontal and vertical angulation errors were more 
common in the film-based system.  In addition, when comparing technique errors by arch 
in the oral cavity, the PSP-based system had more errors on the posterior projection 
versus anterior projections when compared with film-based.  In the comparison of 
premolar and molar positions in the oral cavity, diagnostically unacceptable errors 
identified in the bitewing images were seen more in the PSP-based system than in the 
film-based system.   
In conclusion, the PSP-based system needs to be further investigated to assess its 
worthiness as a suitable replacement for film.  The results of this study showed 
significant images with diagnostically unacceptable errors in the PSP system, which can 
result in the need for re-exposing projections and thus increasing radiation exposure to 
patients suggesting that ALARA principles may not be optimized with this system.  
Future research is needed to investigate radiology doses taking into account retake 
images when a PSP system is used.  Also, additional research should be conducted to 
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evaluate whether a more experienced clinician and different film holding device could 
reduce the number of diagnostically unacceptable errors when using the PSP-based 
system. 
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CCD  PSP (Photostimulable phosphor) 
Rigid cassette Flexible sensor 
Thicker than film Thinner than film 
Larger than film Same size as film 
Immediate image Wait for scan 
No processing chemical Scanner space 
Used a same sensor Sensor must be clear before re-used 
Table 1: 
 
Characteristic of CCD & PSP Compared to Film 
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 Duplicate Rating 
Initial Rating 0 1 2 Total 
0 533 15 0 548
1 0 263 3 266
2 0 0 35 35
Total 533 278 38 849
Table 2: 
 
Intra-rater Reliability 
k=0.96 
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Digital (PSP) 
             %         (n) 
Film 
            %         (n) 
No Error 49      (2,454) 59       (2,552) 
Error 51      (2,561) 41       (1,743) 
Table 3: 
 
Percent Errors of Periapical Images 
with No Error vs. Error (n=9310) 
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 Digital (PSP) 
           %             (n) 
Film 
          %               (n) 
Acceptable Error 87        (2,233) 92        (1,600) 
Unacceptable Error 13        (   328)   8        (   143) 
Table 4: 
 
Percent Error of Periapical Images with 
Acceptable Error vs. Unacceptable Errors. 
(n=4304) 
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 Digital (PSP) 
%         (n) 
Film 
%           (n) 
Horizontal Angulation            13        (  44) 23           (33) 
Vertical Angulation            13        (  43) 18           (25) 
Cone Centering            17        (  54)   7           (10) 
Packet Placement            57        (187) 52           (75) 
Table 5: 
 
Percent Errors of Periapical Images with 
Unacceptable Error by Types (n=471) 
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 Digital (PSP) 
           %             (n) 
Film 
%          (n) 
Maxillary 53          (174) 63          (90) 
Mandibular 47          (154) 37          (53) 
Table 6: 
 
Percent Errors of Periapical Images with 
Unacceptable Error by Arch (n=471) 
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 Digital (PSP) 
%            (n) 
Film 
%           (n) 
Posterior 65          (212) 22        (   31) 
Anterior 35          (116) 78        (112) 
Table 7: 
 
Percent Errors of Periapical Images with 
Unacceptable Error by Location (n=471) 
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 Digital (PSP) 
%            (n) 
Film 
%           (n) 
Horizontal Angulation 25          (20) 44         (15) 
Vertical Angulation  5          (  4)   9         (  3) 
Cone Centering 18          (14)   3         (  1) 
Packet Placement 52          (41) 44         (15) 
Table 8: 
 
Percent Errors of Bitewing Images with Unacceptable 
Error by Types (n=113)
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 Digital (PSP) 
%         (n) 
Film 
%           (n) 
Premolar 3          (24) 2            (12) 
Molar 9          (55) 4            (22) 
Table 9: 
 
Percent Errors of Bitewing Images with Unacceptable 
error by location (n=113) 
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Location Estimate 95% 
Confidence 
Intervals 
P-value 
                  Anterior  
   (Canine and Central Incisor) 
0.399 0.378, 0.421 P<0.002 
Posterior  
(Premolar and Molar) 
0.501 0.480, 0.522 p<0.001 
Estimated Odds Ratio  
(Post vs.  Ant) 1.504 1.377, 1.642 p<0.005 
Table 10: 
 
Estimated of Odds Ratio of Any Error for Anterior and 
Posterior 
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 Location Estimate 95% Confidence 
P-value 
Anterior  
(Canine and Central Incisor) 
0.023 0.018, 0.029 <0.001 
Posterior  
(Premolar and Molar) 
0.056 0.048, 0.064 <0.0001 
Estimated Odds Ratio  
(Post vs. Ant) 2.512 1.928, 3.273 <0.005 
Table 11: 
 
Estimated Odds Ratio of Unacceptable Error for 
Anterior and Posterior 
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Figure 1: 
 
Picture of Three Receptors 
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  Figure 2: 
 
Study Design 
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Figure 3: 
 
Percent Error of Periapical Images with No Errors Compared to Errors. 
 (p<0.0001)  
 
 
 
 
 
 
0
10
20
30
40
50
60
No Error Error
Digital
Film
 32   
 
Figure 4: 
 
Percent of Errors in Digital and Film by Severity.  
(p<0.0001) 
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Figure 5: 
 
Percent of Periapical Images with Diagnostically Unacceptable Error by Type.  
(p<0.0001) 
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Figure 6: 
 
Percent of Bitewing Images with Diagnostically Unacceptable Error by Type. 
(p<0.001) 
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Appendix I: 
 
Review of the Literature 
 
 
Radiographs play an essential role in differential diagnosis and treatment of dental 
diseases.  They are a valuable adjunct to the clinical examination, thus allowing the 
dental practitioner to provide patients with total quality dental care to meet their specific 
needs.  Technique quality in dental radiographic images plays an important role in 
dentistry since technical errors can interfere with the detection of dental disease and oral 
conditions.  Over the years, intra-oral dental radiography has made advancements from 
the bisecting angle to the paralleling technique, from free standing to beam alignment 
film-holding devices, from D-speed film to F-speed film, and from circular collimation to 
rectangular collimation.  All of these changes have resulted in radiation dose reduction 
benefits to the patient and improved image quality.3,6,7,12,16,20 More recently, digital 
radiographic image receptors were introduced as an alternative to intra-oral film.  The 
digital images can be acquired directly or indirectly.5   There are three different types of 
detectors widely used in dentistry to acquire images directly.  The first type is the charge-
coupled device (CCD) detector; its sensor has a thicker, rigid case, and an electrical lead 
that attaches to the computer unit.  The image is displayed on a computer monitor almost 
immediately after the exposure.  The second type is a Complementary-Metal-Oxyde-
Semiconductor (CMOS) detector.5  The CMOS detector has the same characteristics as  
the CCD sensors except they use active pixel technology (patented by Schick 
Technologies, Inc. for use in dental and medical radiology) and are less expensive to 
manufacture.3  The third type, the photostimulable  storage phosphorus (PSP) receptor is 
manufactured in a variety of sizes similar to dental film (size 1, 2, 3, and 4) and can be 
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adapted to film holding devices.  Unlike the CCD/CMOS, the PSP receptor does not 
require an electrical lead and has properties similar to intensifying screen phosphors. As 
the phosphor layer of the detector is irradiated, the electrons become trapped in the 
phosphor and the plates hold the latent image until it is “processed.”  During processing 
with a laser, the electrons are released and emit a blue light proportional to the intensity 
of the x-rays attenuated in the phosphor layer.  The light is then converted to digital form, 
and the data can be displayed and seen on a computer monitor.5,6,8  In the early 1900 the 
advancement of radiography technology was slowly incorporated into intraoral radiology 
in dentistry.  This advancement has evoked many questions from practitioners and 
educators on how to choose the best system to fit their needs, how to implement the 
technique accurately, and how to maintain standards and guidelines.  In order to 
investigate and respond to those questions, many studies comparing the three digital 
systems with the traditional film-based system have been conducted on topics such as 
image quality, dose effective, enhancement feature, cavity detection, advantages and 
technique errors.1,3,4,6-22,24-28 
The transition in dental radiograph from traditional film-based to digital-based has 
provided new opportunities and advantages for improved image quality.  Radiographic 
images have had an important role in clinical diagnosis in dentistry for many 
years.1,13,29,32  Syriopoulou et al. conducted a clinical study to compare the image quality 
in caries detection between traditional film and the CCD system.  The study reported 
there were no significant differences found in the diagnostic accuracy of the two systems.  
However, the depth of the lesion significantly affected caries diagnosis.  Radiologists 
performed significantly better than general practitioners regardless of the radiography 
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system used.  The study concluded that the ability of dentists to recognize caries correctly 
is the main factor contributing to variation in radiographic diagnosis, and not the imaging 
modality.1   Borg et al. addressed image quality in the CCD and the PSP compared to the 
film system.  By examining radiographic exposures in the three systems and using a 
visual grading scale from 0 to 10, the study found that images exposed with the PSP 
system achieved image quality scores similar to those of film, but over a wider exposure 
range PSP achieved the highest image quality of all three systems.12  
Multiple studies reported on the exposure dose with the CCD and the PSP 
compared with the traditional film system, due to image retakes. 7,8-19  Versteeg et al. 
conducted a clinical study to evaluate the periapical radiography with a charge-coupled 
device by comparing the difference of retake doses in the two systems.  Patients gave 
informed consent to have their radiography exposures with the 50% CCD sensor dose 
and the traditional film dose.  The study found that 26% of CCD sensors required retakes 
compared with six percent (6%) for traditional film.  The author concluded that repeating 
a sensor image means that the dose may still be lower than that for a single film.19 
Wenzel et al. conducted a literature review on digital radiography and caries 
diagnosis by four digital systems.  The authors reported there was no evidence that a dose 
is actually reduced with the storage phosphor system, or that the collimator size is 
adjusted to fit the sensor size in the CCD-based system.  They recommend that future 
studies need to establish what the economic benefits are for the patient, the dentist and 
society.10 
Three published abstracts in medical radiology addressed the dose exposure of 
photostimulable phosphor, CCD, and conventional film-based systems.  In these studies, 
 38   
when the patient’s chest was exposed to x-rays using PSP, CCD and traditional film- 
based systems, the PSP-based showed the dose reduction was lower than the flat plate 
detector system and film.  When comparing CCD and PSP with flat-panel detector, CCD 
and PSP demonstrated less potential than the flat-panel detector.29-31 
The use of digital radiographs is a great improvement over the traditional film in 
many different ways, i.e., immediate image, no chemical processing, easy to manipulate 
the image, space and dose reduction.7,13,17  Specifically, the literature reports that the 
major benefits of the PSP-based system are the elimination of chemical processing and 
improved low contrast detectability performance.  Hellen-Halme et al. conducted a study 
to determine the technique and image quality of CCD-based and film radiographs sent to 
the Dental Insurance Office for treatment predetermination.  Both periapical and 
panoramic radiograph images were randomly selected to evaluate density, contrast, and 
degree of focus, anulation and receptor position.  The quality variables were evaluated as 
acceptable or unacceptable.  A total of 4,687 intraoral and 206 panoramic radiographs 
were evaluated.  A total of 15 cases (28%) were found to be unacceptable for the 
assessment of the proposed treatment.  The most common error that occurred in both the 
digital and traditional film-based systems was in the receptor position.  Significantly 
more errors were found in the intraoral digital radiographs compared to the radiographs 
taken with traditional film.  The dentist had more difficulties with the digital technique 
than with traditional film.32 
Another study conducted by Bahrami et al. evaluated technique errors and patient 
discomfort on bitewing examinations with four digital receptors.  A total of seventy-eight 
patients had two bitewings taken on each side of the mouth with the intention of 
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displaying the tooth surfaces from the distal surface of the canine to the distal surface of 
the most posterior molar, using four digital receptors, two charge-coupled device (CCD) 
and two photostimulable phosphor (PSP) systems.  The variables measured by a visual 
analogue scale and the cone positioning errors were determined from cone cuts.  The 
study reported it was more difficult to correctly position CCD sensors than PSP receptor 
in the vertical plane, resulting in more images with missing the alveolar bone crest.  CCD 
sensors most often did not display the most anterior surfaces in a bitewing examination.  
The results showed that canine and premolar surfaces were more often not depicted on 
the CCD images than on the PSP images (P<0.05).  Cone cuts occurred in 19% of 
DenOptix images, in 9% of Digora images and only one percent in Planmeca image.28 
Another study conducted by Nysether and Hansen et al., evaluated technique 
errors on dental bitewing radiographs exposed on traditional film.  The study assessed 
2,409 pairs of films collected form different public dental clinics in Buskerud, Norway.  
Only 4.6% fulfilled the criteria for correct bitewing radiographs.  Incorrect positioning of 
the film was found in 42.7% and there were 10.6% exposures with incorrect horizontal 
angulation and 4.3% occurred in cone centering.33 
A similar study investigated student progress through error reduction in intraoral 
radiographic techniques.  The study evaluated 24,150 images exposed by junior dental 
students based on four major technique errors: horizontal angulation, vertical angulation, 
cone centering, and packet placement.  A total of 2,238 images were clinically 
unacceptable as a result of one or more errors in technique.  No retakes caused by 
processing or mechanical errors were considered.  Results found in the study included 
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cone cutting (11.17%), incorrect vertical angulation (11.75%), incorrect horizontal 
angulation (4.6%), and incorrect film placement (64.9%). 
With the new technology in intraoral dental radiographs there is an urgent need 
for dental practitioners and educators to investigate information on technique quality.   
Even though several studies have been published in the literature on technique errors in 
intraoral radiographs, only one study conducted by Sommers et al. investigated technique 
errors between film-based and CCD-based.6  The study investigated the full mouth series 
(FMXs) from twenty-eight (28) junior dental hygiene students enrolled at the University 
of North Carolina School of Dentistry Dental Hygiene Program.  Twenty-eight subjects 
exposed 18-projection FMXs using the Dental Education X-Radiation Teaching Resourse 
(DEXTR) manikin using the XCP film holding device for both systems.  The 
investigators compared specific variables: 1) number of technique errors, 2) error type, 3) 
retake frequency, and 4) learning experience using both systems.  Results showed a 
greater number of technique errors occurred using the CCD system than the film system 
(p<0.0001), with vertical angulation being the most common error (53%).  Sixty-six 
(66%) of horizontal angulation occurred when using the film-based.  Difficulty placing 
the CCD sensor intraorally was expressed by 74%, as opposed to 40% on packet 
placement.  The study limited to a pre-clinical setting and the results may not generalized 
to clinical applications.6  To date, there are no studies investigating technique errors 
between film-based and PSP-based systems.  Therefore, the findings of this study would 
identify if receptor type (PSP versus film) influences the production of technique errors.   
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    Appendix II: 
Excel Data Collection 
 
Stud ID# 
Typ 
Rec Typ Pro 
FMX 
ID # FMX H V C P 
O 
(Artifact)
401-02 FI MxMR 
0205-
0511 1 0 0 0 0 0
401-02 FI MxPrR 
0205-
0511 1 1 1 1 0 0
401-02 FI MxLR 
0205-
0511 1 1 0 0 0 0
401-02 FI MxC 
0205-
0511 1 1 1 0 0 0
401-02 FI MxLL 
0205-
0511 1 1 0 0 0 0
401-02 FI MxPrL 
0205-
0511 1 1 1 1 0 0
401-02 FI MxML 
0205-
0511 1 0 1 1 1 0
401-02 FI MnML 
0205-
0511 1 0 0 0 0 0
401-02 FI MnPreL 
0205-
0511 1 0 0 0 0 0
401-02 FI MnLL 
0205-
0511 1 1 1 0 0 0
401-02 FI MnC 
0205-
0511 1 1 1 0 1 0
401-02 FI MnLR 
0205-
0511 1 1 0 0 1 0
401-02 FI MnPrR 
0205-
0511 1 0 0 1 0 0
401-02 FI MnMR 
0205-
0511 1 0 0 1 0 0
401-02 FI BWMR 
0205-
0511 1 0 0 0 0 0
401-02 FI BWPrR 
0205-
0511 1 1 0 0 1 0
401-02 FI BWPrL 
0205-
0511 1 1 0 0 0 0
401-02 FI BWML 
0205-
0511 1 0 0 0 0 0
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     Appendix III: 
 
Intra-rater Reliability Data Collection 
 
 
 
 
 
 
 
Stud 
ID# 
Typ 
Rec Typ Pro 
FMX 
ID # FMX H V C P 
O 
(Artifact) 
408-04 DR MxMR 
0208-
0828 2 . . . . . 
408-04 DR MxPrR 
0208-
0828 2 1 1 0 2 0
408-04 DR MxLR 
0208-
0828 2 1 1 0 1 0
408-04 DR MxC 
0208-
0828 2 0 1 0 0 0
408-04 DR MxLL 
0208-
0828 2 1 1 0 2 0
408-04 DR MxPrL 
0208-
0828 2 1 0 0 0 0
408-04 DR MxML 
0208-
0828 2 . . . . . 
408-04 DR MnML 
0208-
0828 2 . . . . . 
408-04 DR MnPreL 
0208-
0828 2 0 1 0 0 0
408-04 DR MnLL 
0208-
0828 2 0 1 1 0 0
408-04 DR MnC 
0208-
0828 2 0 1 1 0 0
408-04 DR MnLR 
0208-
0828 2 1 1 1 1 0
408-04 DR MnPrR 
0208-
0828 2 0 0 0 0 0
408-04 DR MnMR 
0208-
0828 2 . . . . . 
408-04 DR BWMR 
0208-
0828 2 . . . . . 
408-04 DR BWPrR 
0208-
0828 2 1 0 0 0 0
408-04 DR BWPrL 
0208-
0828 2 1 0 0 1 0
408-04 DR BWML 
0208-
0828 2 . . . . . 
 43   
 
436-02 FR MxMR 
0205-
1937 3 1 1 0 1 0
436-02 FR MxPrR 
0205-
1937 3 0 0 0 0 0
436-02 FR MxLR 
0205-
1937 3 0 0 1 2 0
436-02 FR MxC 
0205-
1937 3 0 1 0 0 0
436-02 FR MxLL 
0205-
1937 3 1 1 0 0 0
436-02 FR MxPrL 
0205-
1937 3 0 0 0 0 0
436-02 FR MxML 
0205-
1937 3 0 0 0 0 0
436-02 FR MnML 
0205-
1937 3 0 1 0 2 0
436-02 FR MnPreL 
0205-
1937 3 1 1 0 0 0
436-02 FR MnLL 
0205-
1937 3 0 1 0 0 0
436-02 FR MnC 
0205-
1937 3 0 0 0 0 0
436-02 FR MnLR 
0205-
1937 3 0 1 0 0 0
436-02 FR MnPrR 
0205-
1937 3 0 0 0 0 0
436-02 FR MnMR 
0205-
1937 3 0 1 0 0 0
436-02 FR BWMR 
0205-
1937 3 1 0 0 0 0
436-02 FR BWPrR 
0205-
1937 3 0 0 0 0 0
436-02 FR BWPrL 
0205-
1937 3 0 0 0 0 0
436-02 FR BWML 
0205-
1937 3 0 0 1 0 0
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Appendix IV: 
UNC School of Dentistry Radiology Evaluation Form 
 
 
TO RECEIVE CREDIT, FILMS MUST BE RETURNED WITH COMPLETED ANALYSIS 
FORM WITHIN TWO WEEKS  
Patent Name (last, first) Chart Number 
Student Name (last, first) Student Number 
RADIOGRAPHIC ANALYSIS 
FORM 
School of Dentistry 
University of North 
Carolina 
Radiographic 
Exam Date: 
Clinical Remarks Instruct
or 
 
STUDENT COMPLETES THIS SECTION 
Radiographic Area Error and Reason Retake 
was 
made? 
 Technique Points Off 
and Reason 
Analysis 
Points 
Off 
1-Maxillary Right Molar      
2- Maxillary Right 
Premolar 
     
3-Maxillary Right 
Lateral/Canine 
     
4-Maxillary Centrals      
5-Maxillary Left 
Lateral/Canine 
     
6-Maxillary Left Premolar      
7-Maxillary Left Molar      
8-Mandibular Left Molar      
9-Mandibular Left 
Premolar 
     
10-Mandibular Left 
Lateral/Canine 
     
11-Mandibular Incisors      
12-Mandibular Right 
Lateral/Canine 
     
13-Mandibular Right 
Premolar 
     
14-Mandibular Right Molar      
15-Right Molar Bitewing   
16-Right Premolar Bitewing      
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17- Left Premolar Bitewing      
18- Left Molar Bitewing      
19-Distal Projection Teeth #      
20-Other      
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Appendix V: 
UNC SCHOOL OF DENTISTRY INTRAORAL RADIOGRAPHY 
PERFORMANCE CRITERIA 
 
Periapical Examinations 
 
A.  General Consideration - All periapical views should demonstrate:              
   
1. images must display optimum density, contrast, definition, detail with the 
least 
amount of distortion 
2. 1/4 inch (5mm) of alveolar bone visible beyond the apex of each tooth. 
3. 1/16 - 1/8 inch (1 – 2mm) margin between the crowns of the teeth and 
edge of the receptor. 
4. the occlusal plane should parallel the occlusal edge of the receptor.  
 
B.  Specific Views 
 
1.  Maxillary Centrals (#2 receptor vertically placed) 
The central/central interspace is centered on the receptor.  Demonstrate the central 
incisors, lateral incisors, and proximal portion of canines, incisive foramen and nasal 
fosse.  Interproximal spaces open with emphasis between central incisors. 
 
2.  Maxillary Lateral Incisor/Canine (#1 receptor vertically placed) 
The lateral/canine interproximal space is centered on the receptor.  Demonstrate the 
entire lateral incisor; entire canine; distal portion of central incisor and mesial portion of 
premolar.  Interproximal spaces open with emphasis between the lateral incisor and 
canine (the canine and the premolar will appear overlapped; this is a result of the 
transition to a double row of cusps and the normal curvature of the arch).   
 
3.  Maxillary Premolar (#2 receptor Horizontally placed) 
Demonstrate no less than the distal third of the canine; the entire first premolar, second 
premolar and first molar; and the mesial portion of the second molar.  Interproximal 
spaces open with emphasis on the canine/first premolar and first premolar/second 
premolar.   
 
4.  Maxillary Molar (#2 receptor Horizontally placed) 
Demonstrate the first, second and third molars.  Interproximal spaces open with emphasis 
between the first and second molar.  This can be achieved by placing the anterior portion 
of the detector no further forward than the distal portion of the second premolar or by 
centering the second molar on the receptor.  
5.  Mandibular Centrals (#2 receptor vertically placed)          
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The central/central interproximal space is centered on the receptor.  Demonstrate the 
central incisors; lateral incisors and proximal portion of canines.  Interproximal spaces 
open with emphasis between central incisors.  
  
6.  Mandibular Lateral Incisor/Canine (#1 receptor vertically placed) 
The lateral incisor/canine is centered on the receptor.  Demonstrate the entire lateral 
incisor; entire canine; distal portion of central incisor and mesial portion of premolar.  
Interproximal spaces open with emphasis between lateral incisor and canine (the canine 
and the premolar will appear overlapped; this is the result of the transition to a double 
row of cusps and the normal curvature of the arch). 
   
7.  Mandibular Premolar (#2 receptor Horizontally placed) 
Demonstrate no less than the distal portion of the canine; the entire first premolar, second 
premolar and first molar and the mesial portion of the second molar. Interproximal spaces 
open with emphasis on the canine/first premolar and first premolar/second premolar. 
   
8.  Mandibular Molar (#2 receptor Horizontally placed) 
Demonstrate the first, second and third molars.  Interproximal spaces open with emphasis 
between the first and second molar.  This can be achieved by placing the anterior portion 
of the detector no further forward than the distal portion of the second premolar or by 
centering the second molar on the receptor.  
 
Interproximal (Bitewing) Examinations 
 
A.  General Consideration - All interproximal (bitewing) views:   
      
1. The occlusal plane should parallel the occlusal edge of the receptor. 
2. Equal distribution of maxillary and mandibular alveolar crest and maxillary and  
mandibular crowns.  
3.  the same criteria apply to horizontal and vertical bitewings. 
 
B.  Specific Views: 
 
HORIZONTAL BITEWINGS 
1. Premolar (#2 receptor Horizontally placed) 
Demonstrate no less than the distal portion of the canine crowns, all of the first premolar, 
second premolar and first molar crowns and the mesial portion of the second molar 
crowns.  Interproximal spaces open with emphasis on the canine/first premolar and first 
premolar/second premolar contacts. Emphasis should be on opening the maxillary 
contacts.  Flat vertical projection geometry through open contacts is required for caries 
diagnosis and accurate assessment of crestal bone height.  
   
2.  Molar (#2 receptor Horizontally placed) 
Demonstrate the first, second and third molars. This can be achieved by placing the 
anterior portion of the detector on the distal portion of the second premolar or by 
centering the second molar on the receptor.  Interproximal spaces open with emphasis 
between first molar and second molar. Emphasis should be on opening the maxillary 
 48   
contacts.  Flat vertical projection geometry through open contacts is required for caries 
diagnosis and accurate assessment of crestal bone height.  
 
VERTICAL BITEWINGS 
  If all posterior teeth are present, it may be necessary to take a six-image survey with vertical 
bitewings.  Under these circumstances, it is necessary to use a #1 size vertical receptor in the 
canine/premolar position.  This projection should demonstrate the distal portions of the 
canine crowns, all of the first premolar crowns, and the mesial portions of the second 
premolar crowns.  Interproximal spaces open with emphasis on the maxillary canine/first 
premolars and first premolars/second premolars.  Then, use a #2 size vertical receptor placed 
so as to demonstrate the distal portions of the second premolar crowns, all of the first molar 
crowns, and mesial portions of the second molar crowns.  Interproximal spaces open with 
emphasis on the maxillary first and second molars.  A third receptor (#2 size vertical) is 
placed as to demonstrate the distal portions of the second molar crowns and all of the third 
molar crowns. Interproximal spaces open with emphasis on the maxillary second and third 
molars.  On vertical bitewings include 5 mm of crestal bone distal to the most distal 
tooth.  If necessary expose additional images to obtain the information needed. 
 
If only two images are used for vertical bitewings, the following criteria should be 
used. 
 
1.  Premolar- #2 vertically placed 
  Demonstrate no less than the distal portions of the canine crowns, all of 
the first premolar, second premolar, and first molar crowns and the mesial of the second 
molar crowns.  Interproximal spaces open with emphasis on the maxillary canine/first 
premolar and first premolar/second premolar areas. Emphasis should be on opening the 
maxillary contacts.  Flat vertical projection geometry through open contacts is required 
for caries diagnosis and accurate assessment of crestal bone height.  
 
2.  Molar- #2 vertically placed 
  Demonstrate all of the first molar, second molar, and third molar crowns or 
the crowns of the most distal tooth present. This can be achieved by placing the anterior 
portion of the detector on the distal portion of the second premolar or by centering the 
second molar on the receptor.  Interproximal spaces open with emphasis between maxillary 
first molar and second molar. Emphasis should be on opening the maxillary contacts.  Flat 
vertical projection geometry through open contacts is required for caries diagnosis and 
accurate assessment of crestal bone height.  On vertical bitewings include 5 mm of 
crestal bone distal to the most distal tooth.  If necessary expose additional images to 
obtain the information needed. 
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Appendix VI: 
THE UNIVERSITY OF NORTH CAROLINA AT CHAPEL HILL 
Office of Human Research Ethics 
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